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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a wiring board with a built-in electric 




element excellent in reliability wherein an electric element of a capacitor or the 
like is built in an insulating substrate and even after the thermal treatment of 
reflow soldering or the like, connection reliability between the electric element 
and wiring circuit layers is excellent and a function of the electric element does 
not vary. 

SOLUTION: In a wiring board with the built-in electric element A wherein a 
plurality of wiring circuit layers 8, 9 and via hole conductors 10, 1 1 formed by 
filling the via holes with metal components are formed on and/or in the insulating 
substrate 1 containing at least an organic resin, and the electric element 3 of the 
capacitor or the like that has at least a pair of terminal electrodes 6a, 6b is built, 
the terminal electrodes 6a, 6b of the electric element 3 and the via hole 
conductors 10, 11 are directly connected and an intermetallic compound of Cu 
and Sn such as Cu3Sn, Cu6Sn5 or the like is allowed to exist in connection parts 
of the terminal electrodes 6a, 6b and the via hole conductors 10, 11. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The insulating substrate which contains organic resin at least, and the 
wiring circuitry layer of two or more layers formed in the front face and/or the 
interior of this insulating substrate, the Bahia hall which is established in the 
interior of an insulating substrate and comes to fill up a metal component in the 
Bahia hall -- with a conductor the wiring substrate with a built-in electric element 
which comes to build the electric element which has the terminal electrode of a 
pair at least in said insulating substrate -- it is -- the terminal electrode of said 
electric element, and said Bahia hall, while coming to connect with a conductor 
directly said terminal electrode and said Bahia hall -- the wiring substrate with a 
built-in electric element characterized by the intermetallic compound of Cu and 
Sn existing in a connection with a conductor. 

[Claim 2] said Bahia hall - a conductor - the wiring substrate according to claim 

1 with a built-in electric element characterized by Sn / (Cu+Sn) weight ratio being 

0.5-0.95 as an inner metal component including Cu and Sn. 

[Claim 3] The wiring substrate according to claim 1 with a built-in electric element 

characterized by said electric element consisting of a stacked type ceramic 

condenser. 



[Claim 4] The wiring substrate according to claim 1 with a built-in electric element 
characterized by said electric element consisting of a stacked type ceramic 
condenser which has two or more positive electrodes and the two or more 
negative electrodes. 

[Claim 5] The wiring substrate according to claim 1 with a built-in electric element 
characterized by coming to form in the outermost surface of the terminal 
electrode of said electric element the conductor layer which contains Sn at least. 



[Translation done.] 
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3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention can mount electronic parts, such as an LSI 
chip, in a front face, and relates to the wiring substrate with a built-in electric 
element which contained electric elements, such as a capacitor, in the interior of 
an insulating substrate. 
[0002] 

[Description of the Prior Art] In recent years, the electronic equipment by which 
high-speed operation is called for comes to be widely used with the spread of 



communication equipment, and the package in which high-speed operation is 
possible is further called for in connection with this. In order to perform such high- 
speed operation, it is necessary to reduce an electrical signal noise as much as 
possible. For that purpose, to reduce the inductance of the wiring section is 
needed by arranging passive electronic parts, such as a capacitor, near the 
active electronic device, and shortening the wire length of an electronic circuitry 
as much as possible. 

[0003] As an approach of coping with such a problem, the approach of 
embedding a chip-like capacitor in the insulating layer between a voltage plane 
and a grand layer is thought out by JP,2-121393,A. Moreover, the wiring 
substrate with which JP,1 1-220262.A also built in the semiconductor device and 
the capacitor in the insulating substrate is proposed. 
[0004] 

[Problem(s) to be Solved by the Invention] However, although the ceramic chip 
capacitor embedded between the insulating layers between the pattern of a 
voltage plane and the pattern of a grand layer with the structure of this JP,2- 
121393.A is held at the surrounding insulating layer From it being what 
connection between the terminal electrode of a capacitor, and the voltage plane 
inside a substrate and a grand layer depends on a pressure welding Although 
originating in a differential thermal expansion etc. by the thermal impact, and the 
connectability of a terminal electrode and a wiring circuitry layer changing, and 
connecting the electrode etc. and wiring circuitry layer of a semiconductor device 
with conductors, such as gold, silver, copper, nickel, and solder, in JP,1 1- 
220262,A is also proposed When electronic parts, such as a semiconductor 
device, were carried in the front face of a wiring substrate, solder mounting was 
carried out and a solder reflow of the wiring substrate was carried out at the 
temperature of 220-300 degrees C, there was a problem that the connectability 
of a terminal electrode and a wiring circuitry layer will change. When the 
component built in especially was a capacitor, the inductance by the capacitor 
became large and there was a problem that the function of the noise rejection by 



the capacitor changed or deteriorated. 

[0005] Therefore, this invention aims at offering the wiring substrate excellent in 
the dependability from which the connectability of the electric element and the 
wiring circuitry layer of a wiring substrate which were built in after the solder 
reflow at the time of coming to build electric elements, such as a capacitor, in the 
interior of an insulating substrate, and mounting electronic parts in a front face 
etc. is maintained, and the function of the built-in electric element does not 
change with a built-in electric element. 
[0006] 

[Means for Solving the Problem] The insulating substrate which contains organic 
resin at least as a result of this invention persons' repeating examination to the 
above-mentioned technical problem, The wiring circuitry layer of two or more 
layers formed in the front face and/or the interior of this insulating substrate, the 
Bahia hall which is established in the interior of an insulating substrate and 
comes to fill up a metal component in the Bahia hall ~ with a conductor the wiring 
substrate with a built-in electric element which comes to build the electric 
element which has the terminal electrode of a pair at least in said insulating 
substrate -- it is -- the terminal electrode of said electric element, and said Bahia 
hall, while connecting with a conductor directly the terminal electrode and Bahia 
hall ~ making the intermetallic compound of Cu and Sn exist in a connection with 
a conductor - an electric element and the Bahia hall -- connection dependability 
with a conductor can be raised. 

[0007] in addition, this this invention - setting - the Bahia hall -- a conductor -- it 
is desirable to contain by the ratio of which Sn / (Cu+Sn) weight ratio consists 
with 0.5-0.95 including Cu and Sn as an inner metal component, and to form in 
the outermost surface of the terminal electrode of an electric element the 
conductor layer which contains Sn at least. 

[0008] furthermore, said Bahia hall of the terminal electrode of said electric 
element - the area of a connection side with a conductor -- said Bahia hall - 
connection dependability can be further raised by making it larger than the cross 



section of a conductor. 

[0009] Moreover, it is desirable when it reduces an inductance that a stacked 
type ceramic condenser, especially a terminal electrode have [ said electric 
element ] two or more positive electrodes and the two or more negative 
electrodes. 

[0010] In connecting a conductor according to this invention -- the interior of an 
insulating substrate -- an electric element - building -- the terminal electrode and 
Bahia hall -- On the concrete target which makes the connection generate a Cu- 
Sn intermetallic compound the outermost surface of the terminal electrode of an 
electric element - Sn content conductor layer - forming -- moreover, the Bahia 
hall - a conductor - by making Cu and Sn contain in inside and heating at the 
temperature of 210 degrees C or more the Bahia hall -- a conductor - the metal 
component which makes a subject Cu and Sn which are contained in inside, and 
Sn of the terminal electrode of a capacitor - reacting - the Bahia hall -- to the 
connection of a conductor and the terminal electrode of a capacitor The 
intermetallic compound of Cu-Sn excellent in the high electrical conductivity and 
thermal resistance of Cu3Sn or Cu6Sn5 grade other than Cu or Sn is generated, 
consequently, the Bahia hall - the case where improved the electrical installation 
of a conductor and the terminal electrode of a capacitor, and rapid heating is 
added from the outside, such as a solder reflow, -- also setting - a terminal 
electrode and the Bahia hall, in order that connectability with a conductor may 
not change The function which prevented the rise of the inductance by a 
capacitor etc. and was always stabilized can be demonstrated. 
[0011] 

[Embodiment of the Invention] It explains to a detail based on drawing 1 which 
shows the outline sectional view in one example of the wiring substrate with a 
built-in electric element of this invention. The cavity 2 is formed in the interior of 
an insulating substrate 1 , and, as for the wiring substrate A in this invention, the 
capacitor element 3 is built in as an electric element in the cavity 2. Moreover, 
electronic parts, such as a semiconductor device 4, are carried in the wiring 



substrate A front face right above on which the capacitor element 3 of the wiring 
substrate A is built in. 

[0012] In the wiring substrate shown in drawing 1 , the capacitor element 3 built 
in in an insulating substrate 1 possesses two or more positive electrodes and the 
two or more negative electrodes. An example of such a capacitor element 3 was 
shown in the outline perspective view of drawing 2 . The capacitor element 3 of 
this drawing 2 consists of a laminating mold ceramic condenser which consists of 
a layered product of the shape of Nogata formed by carrying out the laminating of 
the ceramic dielectric layer 5 which uses BaTi03 as a principal component, and 
arrangement formation of four positive electrode 6a and the four negative 
electrode 6b is equally carried out independently at the outside surface of that 
layered product. In the capacitor element of drawing 2 (a), negative electrode 6b 
is formed in the center section of each side, and positive electrode 6a is formed 
in each corner. 

[0013] Moreover, between each ceramic dielectric layer 5 of a layered product, 
internal electrode 7b for negative electrodes of a pattern as shown in internal 
electrode 7a for positive electrodes of a pattern as shown in drawing 2 (b), and 
drawing 2 (c) is formed by turns, and positive electrode 6a and internal electrode 
7b for negative electrodes are electrically connected with negative electrode 6b 
for internal electrode 7a for positive electrodes by the end face of a layered 
product, respectively. 

[0014] On the other hand, the 1st conductor layer 8 and the 2nd conductor layer 
9 are formed in the insulating-substrate 1 interior between the electronic-parts 
loading side front faces of the capacitor element 3 of the built-in above- 
mentioned structure, and the Bahia hall formed by four positive electrode 6a and 
the 1st conductor layer 8 of a capacitor element 3 penetrating an insulating layer 
perpendicularly right above from this positive electrode 6a as shown in the 
pattern Fig. of drawing 3 (a) -- the conductor 10 connects electrically. 
[0015] moreover, the Bahia hall formed by four negative electrode 6b and the 
2nd conductor layer 9 of a capacitor element 3 penetrating an insulating layer 



perpendicularly right above from this negative electrode 6b as shown in the 
pattern Fig. of drawing 3 (b) - the conductor 1 1 connects electrically. 
[0016] in addition, the Bahia hall which connects negative electrode 6b and the 
2nd conductor layer 9 to the 1st conductor layer 8 -- the opening 12 in which the 
conductor was formed is formed so that a conductor 1 1 may not be contacted. 
[0017] and to the 1st conductor layer 8 connected with positive electrode 6a of a 
capacitor element 3 The conductor 13 is formed, furthermore, an electronic-parts 
loading side ~ applying - the Bahia hall - To the 2nd conductor layer 9 which is 
connected with the land 14 for positive electrodes prepared in the substrate front 
face, and was similarly connected with negative electrode 6b of a capacitor 
element 3 furthermore, an electronic-parts loading side -- applying - the Bahia 
hall - the conductor 15 is formed and it connects with the land 16 for the 
negative electrodes prepared in the substrate front face. 
[0018] And it connects with the bump of the semiconductor device 4 carried in 
the front face of an insulating substrate 1 , and said land 14 for positive electrodes 
and the land 16 for the negative electrodes electrically. 
(Generation of an intermetallic compound) the Bahia hall which is directly 
connected with positive electrode 6a of a capacitor element 3 and negative 
electrode 6b in the wiring substrate A according to this invention -- the thing with 
conductors 1 0 and 1 1 made for the intermetallic compound of Cu and Sn to exist 
in a connection is the big description at least, the case where, as for this 
intermetallic compound, the heat cycle from the outside is impressed since 
thermal resistance and electrical conductivity were high -- also setting -- the 
electrodes 6a and 6b of a capacitor element 3, and the Bahia hall -- it can 
connect firmly, without spoiling connectability with conductors 10 and 11. As an 
intermetallic compound of Cu and Sn, Cu3Sn which copper (Cu) and tin (Sn) 
become from the ratio of 3: 1 , and Cu6Sn5 which consists of a ratio of 6:5 are 
mentioned. 

[0019] if Cu3Sn especially with many Cu contents is made to exist at least - the 
Bahia hall -- the thermal resistance of a conductor and high electrical conductivity 



can be given. Therefore, it is desirable as an intermetallic compound for Cu3Sn, 
or Cu3Sn and Cu6Sn5 to exist desirably [ both ]. more - concrete - the Bahia 
hall - in X diffraction measurement of conductors 10 and 11, when the peak 
height of Cu6Sn5 which exists the peak height of Cu3Sn which exists near 2 
theta= 57.5 degree H1 and near 2 theta= 60 degree is set to H2, it is desirable 
for H1/H2 to be 1.0 especially or more 0.5 or more. 

[0020] such an intermetallic compound - the Bahia hall - terminal electrode 6a 
of conductors 1 0 and 1 1 and a capacitor element 3 - 6b -- although what is 
necessary is just to exist in a connection at least - especially - this connection - 
containing - the Bahia hall, when the above-mentioned intermetallic compound 
exists in a conductor 10 and 1 1 the Bahia hall - it not only raises the connection 
dependability of conductors 10 and 1 1 and the terminal electrodes 6a and 6b, but 
the Bahia hall - the result which can raise the thermal resistance and the 
electrical conductivity in conductors 10 and 1 1 -- the terminal electrodes 6a and 
6b of a capacitor element 3, and the Bahia hall - electric connectability with other 
circuits through conductors 10 and 11 can also be stabilized. 
[0021] in order to make such an intermetallic compound generate -- first - the 
Bahia hall -- as a metal component [ in / at least / a connection with the terminal 
electrodes 6a and 6b ] of conductors 1 0 and 1 1 , it is desirable to contain Cu and 
Sn and it is desirable for the weight ratios expressed with Sn/(Cu+Sn) with 
copper (Cu) and tin (Sn) to be 0.5-0.95. moreover, the Bahia hall from said 
reason - it is desirable for a conductor 10 and the 1 1 whole to contain Cu and Sn 
of the above-mentioned ratio, furthermore - in order to promote generation of 
Cu3Sn - Sn / (Cu+Sn) weight ratio - 0.5 to 0.75 -- especially - 0.5 to 0.70 -- 
further -- it is desirable that it is 0.5-0.65. 

[0022] If said weight ratio is smaller than 0.5 as for this, as a result of the amount 
of generation of an intermetallic compound decreasing, since the connectability 
of a capacitor between copper content powder and copper content powder, and 
terminal inter-electrode becomes low the Bahia hall -- to the mounting section of 
the semiconductor device arranged on the surface through a conductor The 



electrical conductivity to the mounting section with a mother board is low. Or 
moreover the case where a reflow is carried out at the time of a reflow, for 
example, 240-260 degrees C, - the Bahia hall - between the metal powder in a 
conductor, and the Bahia hall - the contact condition of a conductor and the 
terminal electrode layer of a capacitor changes easily, and there is a possibility 
that electrical conductivity in the meantime may fall. 

[0023] Moreover, if said weight ratio is larger than 0.95, since copper absolute 
magnitude will decrease It remains as a tin alloy of tin or a low-melt point point 
inside, the unreacted tin with which there were few amounts of generation of said 
intermetallic compound, and they were not moreover able to form an intermetallic 
compound with Cu - the Bahia hall - a conductor -- The thermal resistance at 
the time of a reflow (240-260 degrees C) etc. tends to deteriorate similarly, and 
the tin alloy of unreacted tin or a low-melt point point fuses at the time of a reflow. 
the Bahia hall - a conductor -- between inner metal powder and the Bahia hall -- 
it is for the contact condition of a conductor and the terminal electrode layer of a 
capacitor to change easily, and to become easy for electrical conductivity to fall. 
[0024] Moreover, all over the Bahia hall, resin, such as thermosetting resin, such 
as an epoxy resin, phenol resin, and an unsaturated polyester resin, and a 
cellulose, may be contained. 

(Capacitor electrode) the Bahia hall filled up with above-mentioned Cu and Sn as 
a metal component again, when raising connectability with conductors 10 and 1 1 
The conductor layer in which having the conductor layer which contains Sn at 
least in the outermost surface of the terminal electrodes 6a and 6b of electric 
elements, such as a capacitor element 3, contains at least one sort in Cu and 
nickel at least especially desirably, It is more desirable to form in the front face of 
this conductor layer the conductor layer which contains Sn at least. 
[0025] The terminal electrodes 6a and 6b of a capacitor element 3 are the 
followings, and, more specifically, are made and formed. First, by mixing ethyl 
cellulose and an acrylic binder, conductive paste is produced, it applies so that 
the internal electrode exposed at the end face of a capacitor may be covered, 



and it burns to frit glass powder with a mean particle diameter of 3-8 micrometers 
which serves as electrolysis Cu powder with a mean particle diameter of 1-5 
micrometers from Si02, Bi 203, aluminum203, ZnO, etc. in a 800-900-degree C 
temperature requirement, and a 3.0-1 5-micrometer electrode layer is formed in it. 
[0026] Then, 1 -5-micrometer nickel film is formed on the front face of the above- 
mentioned electrode layer with electroplating, and further 0.5-3-micrometer Sn 
film is formed with electroplating. 

[0027] thus, the Bahia hall which contains Cu and Sn at least by forming the 
conductor layer containing Sn in the front face of the terminal electrodes 6a and 
6b -- generation of the Cu-Sn intermetallic compound in a connection with a 
conductor can be promoted. 

[0028] according to this invention ~ above ~ the Bahia hall - after the heat test 
held for 2 minutes at 260 degrees C by making the connection of conductors 10 
and 1 1 and the terminal electrodes 6a and 6b generate a Cu-Sn intermetallic 
compound -- also setting - the Bahia hall - a volume resistivity with the capacitor 
element which went via conductors 10 and 1 1 can maintain 1x10 to 4 or less 
ohm-cm of conductivity which was very excellent in below 5x10-5ohm-cm 
especially. 

[0029] When forming the structure which laid under the interior of a substrate the 
capacitor element 3 possessing two or more electrodes formed beforehand as 
the quality of the material of the insulating substrate 1 in the wiring substrate A 
with a built-in electric element of this invention although it does not limit 
especially if the above structures with a built-in capacitor element can be formed, 
it is desirable to consist of an insulating material containing the organic resin 
which does not need a sintering process. 

[0030] Then, the manufacture approach of the wiring substrate with a built-in 
electric element of this invention that an insulating substrate becomes below from 
the insulating material containing organic resin is explained. 
[0031] First, the insulation sheet which sank thermosetting resin, such as an 
epoxy resin, into the textile fabrics or the nonwoven fabric of the insulation sheet 



in the condition which consists of a charge of an admixture of thermosetting resin, 
such as epoxy system resin and polyphenylene ether resin, or said thermosetting 
resin, and inorganic filler powder, such as a silica and an alumina, of not 
hardening or a glass fiber, or an aramid fiber and which is called the so-called 
prepreg is prepared. 

[0032] And as shown, for example in process drawing of drawing 4 , the cavity 21 
which builds in a capacitor element is formed by punching etc. to the above- 
mentioned prepreg 20 (a), the conductive paste which forms the Bahia hall 23 to 
an insulation sheet 22, and, on the other hand, contains conductive powder, such 
as Cu powder, in the Bahia hall 23 - being filled up ~ the Bahia hall -- (b) which 
forms a conductor 24. 

[0033] In order to make a connection with a capacitor element generate a Cu-Sn 
intermetallic compound, the above-mentioned conductive paste is the following, 
and is made and prepared. First, the alloy powder which consists of the end of tin 
powder or Sn-Ag-Cu-Bi as a metal component to copper content powder, such 
as copper powder, copper powder which covered the end of silver dust, and 
copper-silver alloy powder, is blended with the rate that the weight ratio 
expressed with Sn/(Cu+Sn) of the tin in a metal component (Sn) and copper (Cu) 
is set to 0.5-0.95. And to this metal component 100 weight section, a pitch is 
added in 1 - 6 weight section, and a solvent is added at a rate of 1 - 4 weight 
section. 

[0034] The copper content powder to be used is excellent in conductivity, its 
electrolytic copper powder with sufficient dispersibility is the most desirable, and 
0.5-5 micrometers of mean particle diameter are desirable, if larger [ if this is 
smaller than 0.5 micrometers, a front face will oxidize and the conductivity 
between powder will fall, and ] than 5 micrometers -- the Bahia hall -- it is for the 
filling factor of the powder to a conductor to fall and for resistance to increase. 
[0035] Moreover, the mean particle diameter of said end of tin powder or tin alloy 
powder has good 1-15 micrometers. This is for a front face's oxidizing and 
forming high resistance, if smaller than 1 micrometer, tin's localizing, while a 



filling factor will fall, if larger than 15 micrometers, and spoiling thermal resistance. 
[0036] As a pitch, others, polymethacrylate, a cellulose, etc. can be used from 
viewpoints, such as the dispersibility of copper content powder or tin content 
powder, an adhesive property, thermal resistance, shelf life, and weatherability. 
[ thermosetting resin /, such as an amine system curing agent an acid anhydride 
bisphenol A that reacts or Bisphenol F, an epoxy resin, and triallyl isocyanurate 
resin, ] 

[0037] Moreover, isopropyl alcohol, a terpineol, 2-octanol, butyl carbitol acetate, 
etc. are used that what is necessary is just a pitch and the solvent which can be 
dissolved as a solvent. 

[0038] A paste is producible by kneading the constituent prepared as mentioned 
above with a stirring degassing machine, 3 rolls, etc. In this kneading, 
thermosetting resin can be mixed with metal powder and the oxidation at the time 
of hardening of the powder which made tin the subject can be prevented. 
[0039] Then, a conductor layer 25 is formed in the front face of this insulation 
sheet 22 (c). After sticking this conductor layer 25 on metallic foils, such as for 
example, Cu foil and aluminum foil, on the surface of an insulation sheet, it has 
the approach of forming the conductor layer of a predetermined pattern 
according to the process of resist spreading, exposure, development, etching, 
and resist removal, or the approach of imprinting what stuck said metallic foil on 
the front face of a resin film, and formed the conductor layer of a predetermined 
pattern like the above beforehand on the front face of said insulation sheet. 
Among these, latter one is suitable for the latter approach at the point that an 
insulation sheet is not exposed to an etching reagent etc. and an insulation sheet 
does not deteriorate. 

[0040] And while installing the capacitor element 26 possessing the terminal 
electrode with which the conductor layer which contains Sn in the outermost 
surface was formed in the cavity 21 of prepreg 20 the Bahia hall of this prepreg 
20 which applied the manufacture approach of of the above (b) and (c), was filled 
up with Cu and Sn as a metal component up and down, and was formed -- the 



insulation sheets 30a, 30b, and 30c in which the conductor 27, and a conductor 
layer 28 and the pad 29 for connection with a semiconductor device were formed 

- 30d The laminating of the 30e is carried out. 

[0041] And when the thermosetting resin in said insulation sheet and prepreg 
heats this laminated material at sufficient temperature to harden, the wiring 
substrate which contained the capacitor element as shown in drawing 1 is 
producible. 

[0042] as the heat-curing temperature at this time - the Bahia hall -- a conductor 

- the reaction of inner Cu or Sn, and Sn of the terminal electrode surface of a 
capacitor element 3 can be made to generate the intermetallic compound which 
consists of Cu3Sn or Cu6Sn5 by heating especially for about 1 to 3 hours at the 
temperature of 200-250 degrees C for 0.5 to 5 hours, when making a Cu-Sn 
intermetallic compound generate 

[0043] 

[Example] The pattern of the internal electrode for positive electrodes as used 
the metal paste of Ag-Pd for the front face of two or more ceramic dielectric 
sheets of example (1) BaTi03 system and shown in drawing 2 , or the internal 
electrode for negative electrodes was screen-stenciled. Then, after carrying out 
laminating adhesion of those sheets under the temperature of 55 degrees C, and 
the pressure of 150kg/cm2 and cutting using a cutter in the state of Green, it 
calcinated in the temperature of 1220 degrees C of atmospheric-air ambient 
atmospheres, and the capacitor element pack was produced. 
[0044] And apply to the positive electrode formation section and the negative 
electrode formation section the conductive paste which added the glass frit which 
contains Si02 grade in Cu powder, it can be burned on the outside surface of 
this capacitor element pack at the temperature of 850 degrees C, and 11- 
micrometer Cu conductor layer is formed in it. The electric barrel plating 
equipment of content volume 5L containing the small iron ball of 0.3phi is used. 
Then, 3.0-micrometer nickel plating film, Sn plating film with a thickness of 2.0 
micrometers was formed, and the stacked type ceramic condenser of 8 terminal 



molds as shown by drawing 2 possessing the terminal electrode of four positive 
electrodes and the terminal electrode of four negative electrodes was produced. 
In addition, for that dimension, 1.6x1.6x0.3 (mm3) and electrostatic capacity are 
[ 1 1 .OnF(s) and the self-inductance of this capacitor element ] 80 (pH). 
[0045] (2) The prepreg of A-PPE (heat-curing mold polyphenylene ether) resin 
(curing temperature = 200) 55 volume % and glass cloth 45 volume % was 
prepared. Moreover, similarly the cavity 1.7mm long and 1.7mm wide [ slightly 
larger ] than the magnitude of the capacitor contained by trephine processing by 
carbon dioxide laser was formed in a part of prepreg. 

[0046] (3) On the other hand, so that silica powder 50 volume % may become 
comparatively to PPE (polyphenylene ether) resin Mix the resin and the powder 
of a varnish condition and two or more insulation sheets with a thickness of 150 
micrometers are produced with a doctor blade method, the Bahia hall for 
connecting with those insulation sheets with a conductor layer and the bump of a 
semiconductor device -- the Bahia hall for connecting a conductor, and a 
capacitor element and a conductor layer ~ as a conductor The copper powder 
whose mean particle diameter which formed two or more Bahia halls with a 
diameter of 0.2mm by punching, and plated silver on the front face is 5 
micrometers, Carry out 12 weight sections addition mixing of triallyl isocyanurate 
and its oligomer as a resinous principle at the metal component 100 weight 
section which mixed Sn alloy (Sn-Ag-Cu-Bi) powder by the ratio of Table 1, and a 
conductive paste is prepared, this - the inside of the above-mentioned Bahia hall 
-- being filled up -- the Bahia hall - the conductor was formed. 
[0047] (4) On the other hand, adhesives were applied to the front face of the 
imprint sheet which consists of polyethylene terephthalate (PET) resin, and 12 
micrometers in thickness and copper foil of 0.8 micrometers of surface 
roughness were pasted up on the whole surface. And after applying the 
photoresist (dry film) and performing exposure development, this was immersed 
into the ferric-chloride solution, etching removal of the non-pattern section was 
carried out, and the conductor layer for positive electrodes and the conductor 



layer for negative electrodes were formed. In addition, the produced wiring 
circuitry layer is a detailed pattern whose spacing of 20 micrometers, wiring, and 
wiring line breadth is 20 micrometers. 

[0048] (5) And after sticking the conductor-layer side of an imprint sheet to an 
insulation sheet by pressure by the pressure of 30kg/cm2, the imprint sheet was 
removed on the front face of the insulation sheet produced by (2), and it was 
made to imprint a conductor layer to an insulation sheet. 
[0049] (6) Next, temporary installation of the stacked type ceramic condenser 
chip produced by (1) in the cavity of the prepreg in which the cavity produced by 
(2) was formed was carried out, the clearance between surrounding of a chip 
was filled up with epoxy resin 40 volume % and silica 60 volume %, and 
temporary immobilization was carried out. 

[0050] The laminating of the insulation sheet of two sheets which has a 
conductor is carried out. pass (3) and (4) on the front face -- the produced 
conductor layer and the Bahia hall ~ The temporary laminating of the insulation 
sheet of one sheet with which the conductor and the wiring circuitry layer were 
formed is carried out. furthermore -- further - a it top -- a semiconductor device 
loading side - becoming -- the Bahia hall -- the electrode which laid the capacitor 
for built-in produced above (1) in the front face by the side of reverse, and was 
formed in it on the surface of the capacitor with the component side of the 
semiconductor device, and the Bahia hall - alignment was carried out so that the 
outcrop of the edge of a conductor might contact, and temporary immobilization 
was carried out with organic system adhesives. 

[0051] (7) And at 220 degrees C, this laminated material is heated for 1 hour, and 
carried out full hardening, and the multilayer-interconnection substrate was 
produced. In addition, the opening of an insulation sheet contracted by flow of the 
resin by heating, the insulating layer and the capacitor chip stuck, and most 
clearances between a chip and an insulating layer were lost. In this way, the 
insulating bed depth per layer produced the evaluation substrate which is 
0.10mm. 



[0052] The produced wiring substrate with a built-in capacitor is set in frequency 
of 1 .0MHz - 1 .8MHz using an impedance analyzer. Measure the frequency 
characteristics of an impedance and the capacity value of a 1 MHz capacitor is 
measured to coincidence. Based on fO=1/(2pi(L-C) 1/2) (the inside of a formula, 
fO:resonance-frequency (Hz) C:electrostatic-capacity (F), L: inductance (H)), it 
asked for the inductance by count from resonance frequency. 
[0053] Moreover, the above-mentioned inductance was similarly measured after 
the spalling test (-55-125 degrees C) solder heatproof. After the cycle in every 5 
minutes performed the -55-125-degree C cycle 100 times in the chamber of 
pressure 1atm which used carbon dioxide gas as the refrigerant and more 
specifically made the electric heater the source of heating, electrostatic capacity 
and an impedance were measured at the room temperature within 24 hours 
electrical-potential-difference 0.5V. 

[0054] moreover, the capacitor terminal electrode in a wiring substrate and the 
Bahia hall ~ generation of the Cu-Sn intermetallic compound in a connection with 
a conductor was checked with the electron probe microanalyzer (EPMA). 
Moreover, the deposit rate of Cu3Sn was computed by having computed the 
characteristic-X-ray reinforcement of an element by the quantum by the EPMA. 
Moreover, with the criteria assay using Cu, it measured and the weight ratio of 
Sn/(Cu+Sn) in a connection was computed. 

[0055] the Bahia hall of the part which connects with the terminal electrode 32 of 
a capacitor element 31 as shown in example of comparison 1 drawing 5 (a) - the 
land 34 which consists of copper foil was formed in the edge of a conductor 33 
with the replica method, and at the time of final hardening of a wiring substrate, 
the pressure welding of the capacitor terminal electrode 32 was carried out to this 
land 34, and it connected, and evaluated like the above. 

[0056] the Bahia hall of the part which connects with the terminal electrode 32 of 
a capacitor element 31 as shown in example of comparison 2 drawing 5 (b) - 
after forming in the edge of a conductor 33 the land 34 which consists of copper 
foil with a replica method, connection immobilization of this capacitor terminal 



electrode 32 and land 34 was carried out at 230 degrees C with the Pb-Sn solder 

35, and the same evaluation as the above was performed. 

[0057] 



[Table 1] 



No. 


fc7*-JUH*© 




Sn/(Cu+Sn) 

Sfiit(%) 


mm 
* * 


H1/H2 






Of * 


wm 




warn 


Sn 


# 1 


70 


30 


Cu-Ni-Sn 


46 


c 


02 


122 


305 




2 


60 


40 


Cu-Ni-Sn 


53.6 


C. C3S 


1.2 


118 


121 




3 


50 


50 


Cu-Ni-Sn 


62.4 


C,C3S,OaS5 


1 


119 


122 




4 


40 


60 


Cu-Ni-Sn 


72.3 


CC3S.C6S5 


0.8 


121 


125 




5 


3.0' 


70 


Cu-Ni-Sn 


82,1 


CC3S.C6S5 


0.75 


123 


128 




6 


20 


80 


Cu-Ni-Sn 


90.3 


CC3S.C6S5 


0.65 


131 


135 




*7 


50 


50 


Cu-Ni 


512 


C 




148 


250 


nVf^SniifcL 


*8 


50 


50 


Cu-Ni-Sn 


61.8 






141 


403 




*9 


too 




Cu-Ni 


0 


Pb-Sn 




153 


353 




*10 


100 




Cu-Ni 




C 




158 


420 





* * :Ct*Cu, C3SltCu 3 Sn, C^itO^ry^fl^mrT. 



[0058] clear from the result of Table 1 -- as ~ this invention - being based - the 
Bahia hall of a wiring substrate ~ generation of a Cu-Sn intermetallic compound 
was checked by forming Sn content conductor layer in the outermost layer of a 
terminal electrode, using the conductive paste which predetermined came out of 
Cu and Sn component to the conductor comparatively, and was mixed. And by 
generation of this intermetallic compound, as compared with the case of the 
connection by the conventional pressure welding, or connection by mere solder, 
thermal resistance improved and change of an inductance indicated the good 
result to be 10% or less after a solder reflow. 

[0059] in addition, the example 1 (sample No. 8) of a comparison by the 
conventional pressure welding and the example 2 (sample No. 9) of a comparison 
of connection by solder, and the Bahia hall -- it was that to which generation of 
an intermetallic compound is not accepted but the rate of change of an 
inductance all exceeds 10% in sample No. 10 which formed the conductor only by 
Cu, and sample No. 9 which made solder connection of the terminal electrode of 
a capacitor element with solder at the land. 
[0060] 



[Effect of the Invention] According to this invention, an electric element is built in 
the interior of an insulating substrate as mentioned above, the terminal electrode 
and Bahia hall - by making the Cu-Sn intermetallic compound which has high 
electrical conductivity and thermal resistance in the connection generate in 
connecting a conductor [ when the solder reflow processing back at the time of 
mounting electronic parts in the front face of a wiring substrate etc. is performed ] 
The wiring substrate excellent in the dependability from which the connectability 
of the electric element and the wiring circuitry layer of a wiring substrate which 
were built in is maintained, and the function of the built-in electric element does 
not change with a built-in electric element can be offered. 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the outline sectional view of the wiring substrate with a built-in 
electric element of this invention. 

[Drawing 2] It is for explaining the capacitor element used by this invention, and 
(a) is [ the pattern Fig. of the internal electrode for positive electrodes and (c of 
an outline perspective view and (b)) ] the internal electrode pattern Figs, for 



negative electrodes. 

[Drawing 3] They are the pattern Fig. of the (a) 1st conductor layer in the wiring 
substrate of this invention, and the pattern Fig. of the (b) 2nd conductor layer. 
[Drawing 4] It is process drawing in order to manufacture the wiring substrate 
with a built-in electric element of this invention. 

[Drawing 5] the terminal electrode of the capacitor element in the example of a 
comparison, and the Bahia hall ~ it is drawing for explaining a connection 
condition with a conductor. 
[Description of Notations] 
A Wiring substrate 

1 Insulating Substrate 

2 Cavity 

3 Capacitor Element 

4 Semiconductor Device 

5 Ceramic Dielectric Layer 
6a Positive electrode 

6b Negative electrode 

7a The internal electrode for positive electrodes 
7b The internal electrode for negative electrodes 

8 1st Conductor Layer 

9 2nd Conductor Layer 

10, 11, and 1 7 the Bahia hall - conductor 
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3. In the drawings, any words are not translated. 
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[Drawing 1] 




[Drawing 3] 




[Drawing 5] 
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&±T. 2 0 0-2 5 0°CCDU%X* 

o . 5 - 5 mm. mz i - 3 mmm&immi-^ ikizx 

oT, C u 3 S n fc£ WiC u 6 S n 5 ^ t>%&&mm. 
[0043] 

[lUW] HJIM 

(1) BaTiO 8 jfioaBR<0-b5S"y^iW*>'-h 
tfO^fflt:, Ag-P d<?)^JR^-^bSfflv^Tia2t^ 

5 5°C. ffi^jl 5 0kg/cm2TTtIffM, / 

Ml 2 2 0°C*ItfcUtMLt3yf>tf*J 

[ o 0 4 4 ] -t LX , - CO 3 yf y-f 3HWcc?)^fflt , 
Cu»S i 0 2 ^£-£tf#7X7'J v hSiSSnLfc 

tr?as8 5 o°cxmmfx 1 um«c u»#:ii& 

ML -e^, 0. 3*(0/J»A-^fc^l5L 
COm^AV/^'y^gg^fflV^T, 3. 0//mONiA6 
-5^Hi:. 2. 0/xmc7)JJ^OSnto^#Jl^ffML. 
4 o«0jE*Offi?mfc J: V4o(0tiWSfii^ft 
filt S H 2 T'* L i 5 5r 8 S^SO»iHr 
yfyf^fflLt. ^fc, .I^nyryHf^tt. ^ 
tfD^ffefi* 1.6X1. 6X0. 3 (mm 3 ). fM^Jt 

^"11. OnF. @a>f yytfyxifi&o (pH)t 

[004 5 ] (2) A-PPE (SSS-ftM^U^x-U 
yx-f;H 1911 2 0 0)5 5#:»%. if 

IZjz^^Ml. 7mmX|l. 7 mmCD^^H'T^B 
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[0 04 6] ( 3 ) — PPE (*KU7x-I^yx- 
T/H IM^MLyU^*5 0#c»%<7)fiJ^fc^|. i 

b'SifcJ: 9, i¥S 1 5 OjumO^SWffig^-h^fm 
L. ^fi^>«iy-M^ #*Mfc¥##»<7)Ay 

LT. ^°y^-y^'T"ltfI0. 2mm«AMr*-^^ 
IMM L . SffifcSBfc* -y * Lit 5 ju m<7) 

«B*f:, Sn^i(Sn-Ag-Cu-Bi)Mt 
SrSl «tt*Tii£Lfc&Jgj£#l 0 0 fiMgB£8ffllJ£ 
LT h U 7 U ;M V y 7 7 b £ J: Ut^ U =f 
v-S- 1 2S*^«f^LTWmtt^-Xf^llM 
L, £*i£_hlE^M 7*-;H*iOTILT;^f 7*-/L 

[0 04 7] (4 ) — 3f, iKiJxfl/yfl^7^k-b 
(PET) ifl^ t^fe^y- h^Uffitcff 
?PL, «$12jum, HHffl^O. 8j«m?)i»-ffl 
fcS*Lfc. ^LT, 7tfPyXb {Y?A7 4}\> 

M^^SilLT^^-ygP^x-y^y^*LTiE® 

fcKiKIIIffiWi, *fi#2 0jum, EfftE3£fc<?« 

[0 048] (5) *ix* (2)ximitzim^- 

k g/c m2^J±7Jt-J±*L^ K^^-b^M^L 
[0049] ( 6 ) ( 2 ) TltS Lfc** b'f 4 

^fFM^^truri/^^^bT^t ( i ) ?m& 
Uzmm^y^-z^^yfy^-i-yriiRimi. +v 

?em 0 <Offifflizx.#* yffflS§4 0 y'J*6 0 
#»%£SiaLT«£L/i 0 
[0 0 50] ^OUHfc ( 3 ) ( 4 ) £f£T^M§fut 
Wfr/Ifc ilW r*-/i^fls£;rrs 2$toffii|y- 

immmy-hzimsixm. t<vmm=& 
mmmtimmcomm^ mm a) ximitzpmm 

nyr'y-tf^isML. 3yr'y-tfo^HtffM§tLt€ 

m&biti. ^mmmm^^xmm^itz, 

[0 0 5 1 ] (7) tlX. ^Mt%£2 2 0 o CT-l 

mmimmix^mt$^x zimm&mimit: . 



LTieiSJi fc n yfytf -v r t >/ 7° fc as 

JIh«SJtt(ifc^*&<&^Tl^y £ 5 LT, 1J1 

ftfc o cotmmm&ifi o . 1 o mm«ifiiii&f« l 
[0052] f^L/inyfyfMHtii 1 y 

T^^f If JIKSU ■ 0MHz- 

l . smh z iz&^x . A >t-f> ?^)\:i\<>V: r ' - ■ 
MMl. mv&z^ 1 M H z xcoa yr'yHf^^ifi £ ffl 
Ml. tlX. f„=l/ (2?r (L ■ C) i/2) 

f o : £SJSiaS» (Hz). C : ( F ) . 
L : Ay?9 9VX (H) ) fcS^UT. 

t>A y^'^^yxSr ttltSfe^ „ 

[ o o 5 3 ] i 3t. _hiEo>f y^"^ ^yx^piffm® 

( - 5 5 - i 2 5°c ) ^-mmmMza^x h mmzMfe 

Lfc. mmifxmmtl. 

?*mmt iizmi 1 atm^-vyA-fit*^ 

-5 5-1 2 5°C(7)^^;I/^ 5ftm<W4 ?MZ 
iotlOOHIfo/ifl 2 4 B#|S!Jai*Jfc:3i&l;:TlKE 

o . 5 vt»!t A y^-yyxmm Itz, 

[ o o 5 4 ] i tz . um&mza m a 

mt A*>f T*-/WPfcf:<0«Sttaitfe(t4 Cu-Snt 
(EPMA) tiotffi-jfc. ifc^EPMAKi 

SS*t:i-3-C3c*«o^Xi»5fiJKtJta}LT. Cu 3 

/ ( c u + s n ) <7)fi»rt*£ c u m^fzmmMmm 
izXoXMM. mtHLt. 
[0055] mmi 

H5 (a) (c^iat. nyr'y-T^i^ l^S^tt 

®3 2 fcSfarrsat^^^M r*-;w**3 3osgpt; 

mrg^^^r !> 5 y Kgp 3 4 ^te?atTffM L , EltS 

n yr y-9WH* 32&;«7 
y fsp3 4 izmixmmi. ±iEt L-riptf ^ 

[00 56 ] £»J2 

135 (b) t^^H-idfc. 3yf>t»3i£0Sft 
®3 2 r*-;i^*3 3osgEt 

m&t>%&7 y b'SP 3 4 Srlz^&fcTffM L/tft, ^ 
C03^T^1«&f'«fii3 2 7> h*gP3 4 fc £ P b - S 
n¥ffl3 5£±^t\ 2 3 0°CT"gME5gL. ±IEf:|S| 

[0057] 

mi: 
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SC*4 

No. 






Sn/(Cu+St0 

3ftJt<«) 


* * 


H1/H2 












Sn 


* 1 






Cu-Ni- Sn 


4B 


c 


02 


12?, 


305 




a 


60 


40 


Cu-Ni-Sn 


53.6 


C, C3S 


1.2 








3 


50 


SO 


Cu-Ni-Sn 


S2.4 


C,C3S,06S5 


1 


119 


15.2 




4 


40 


00 


Cu-Ni-Sn 


72.3 


C.C3S,CBS5 


0.S 


121 


135 




5 


30 


70 


Cu-Ni-Sn 


82.1 


C,C3S,C6SS 


0.75 


123 


138 




3 


20 


SO 


Cu-Ni-Sn 


S0.3 


CC3S.C6S5 


0.65 


131 


135 




*7 


50 


SO 


Cu-Ni 


51.2 


c 




143 


250 


qyrXfSniifcL 


*8 


50 


50 


Cu-Ni-Sn 


61.8 






141 


403 




39 


too 




Cu-Ni 


0 


Pb-Sn 




153 


3D3 




*10 


100 




Cu-Ni 


0 


C 




158 


430 


t'7*-JV*f*Cu<D^ 



[00581 S1 £>BJ§ X o fc. 

, lesMw^ t*-/^#*ic u t s njat# 
^soft^nt s nttmvm*mm-h zttzx-* 

? * y *<9S&fb&* 1 0 %OT t L . 

[ 0 0 5 9 ] , M*iDj±St J: UtWM 1 
o. 8) fcitf¥fflfc±£««<9JtRW2 (KflNo. 
9) , ^MT*-;W»**Cu<o»tJ:oTJgjSLfcK 
JflNo. 10, ifc^fflfcioT^r^im^a^ 
ttffi£5^m:¥ffl^Lfcf*iflNo. 9T1i, wf 

[0 0 60] 

[fgaj^ll] JSBLfcilO, *^WcJ;Wf, IMi 
MSHttfc fM£*^§ C u - S n^Jl^k^iftSr* 

[HffiOffJJ^fFJ] 



[HI] *^0J5^mM«^^liildm*«««^ffiHHT- 

[02 ] *m$?m^t>ti&3>7 : >im?mwt& 
tw^t^t, urn, iwm, ( b ) a 
isflramsw^-ys, ( c ) anwram* 

[03 ] *^Hj^i£HS»;i3fi-s ( a ) m l owftii 

m5i stmmizm&ziyT>vm^co^mmt^ 
a Tit-rum t mmimzmw~tz>tztb<7)®Tfo 
h« 



6 a lH'£fa 



7 a iESffl^mffi 



7 b mffiffl^ms 

8 $ i <mtm 

10, 11, 17 /^7*-;Hft 
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